Objective: The association between iron and neurocognition remains underexplored in adolescents, and the neurocognitive effects of low and high iron levels have yet to be established. The aim of this study was to investigate the relationships of low and high iron levels with neurocognitive domains in early adolescents. Method: The sample comprised 428 adolescents (12.0 + 0.4 years) from Jintan, China. Serum iron concentrations were analyzed from venous blood samples and classified into low, normal, and high levels according to the clinical reference range 75-175 μg/dl. Neurocognition was measured by the Penn Computerized Neurocognitive Battery and Wechsler Intelligence Scale. Generalized linear regression was used to analyze relationships. Results: Prevalence rates of iron deficiency, normal iron, and high iron were 13.8%, 76.4%, and 9.8%, respectively. Compared with normal levels, iron deficiency was associated with slower performance in tasks that measured abstraction and mental flexibility (b ¼ 107.5, p ¼ .03) and spatial processing ability (b ¼ 917.2, p ¼ .04). High serum iron was associated with less accuracy in the spatial processing ability task (b ¼ À2.2, p ¼ .03) and a longer reaction time in the task assessing abstraction and mental flexibility (b ¼ 702.8, p ¼ .046) compared to normal levels. Conclusion: Both iron deficiency and high iron levels contribute to reduced neurocognitive performance in a domain-specific manner in early adolescents. The dual burden of iron under-and overnutrition should be incorporated into future interventions for improving brain development and cognitive function in adolescents, especially in a Chinese context.
Iron deficiency in children and adolescents contributes significantly to the global burden of health problems (World Health Organization [WHO], 2001) , particularly in developing countries (Allen, De Benoist, Dary, & Hurrell, 2006; Yang, Chen, & Feng, 2007) . A broad range of negative consequences results from iron deficiency; among these, neurocognitive impairment is of particular concern for schoolchildren. Neurocognitive function, defined as cognitive domains that can be linked to specific brain systems (Gur et al., 2010) , is integral to school performance and academic achievement as well as behavioral control and stress-coping skills (Curcio, Ferrara, & De Gennaro, 2006; Liang, Matheson, Kaye, & Boutelle, 2014; Slattery, Grieve, Ames, Armstrong, & Essex, 2013) . Prior studies in children have suggested that iron deficiency is associated with lower scores on testing of attention (Falkingham et al., 2010) , working memory (Lambert, Knaggs, Scragg, & Schaaf, 2002) , and course performance (Halterman, Kaczorowski, Aligne, Auinger, & Szilagyi, 2001) .
Although the association between iron status and neurocognitive function in infants and children has received significant attention, few studies have specifically investigated such relationships in an adolescent population. Some of the previous studies that included adolescents had samples that were heterogeneous in age, including both young children and adolescents (Halterman et al., 2001) . Adolescence is a period in which youth are susceptible to malnutrition because of increased dietary requirements for growth and development (Mesías, Seiquer, & Navarro, 2013) , especially adolescent girls who have menstrual blood loss (Halterman et al., 2001) . Due to the critical development of the brain during adolescence, suboptimal iron status in this vulnerable period can impair neurogenesis and alter the developmental trajectory of the brain. Therefore, prior findings in other populations may not reflect the nature of the relationship between iron status and neurocognitive function in adolescents. Furthermore, iron deficiency anemia (IDA) often reflects the severe end of iron depletion (WHO, 2001) . Whereas studies on iron and neurocognition have primarily focused on IDA (Falkingham et al., 2010; Wang, Zhan, Gong, & Lee, 2013) , mild-to-moderate iron deficiency, even without anemia, can also have adverse functional consequences (Lambert et al., 2002; WHO, 2001) . It is therefore important to extend current research to neurocognitive effects of iron status with and without anemia.
In contrast to iron deficiency, the prevalence of high iron levels and the relationship of high levels with neurocognitive function have received little attention. Iron is essential for biosynthetic processes in the human body but can be toxic at high biological levels (Brewer, 2009) . Despite a low incidence of acute iron poisoning (Chang & Rangan, 2011) , chronic iron excess, mostly resulting from a high intake of iron supplementation or blood transfusion, can also present health challenges (Schröder, Figueiredo, & de Lima, 2013; Slotki & Cabantchik, 2015) . For example, iron overload may affect enzymatic and structural proteins crucial for brain function and induce oxidative stress in the neurodegenerative processes (Schü mann, Ettle, Szegner, Elsenhans, & Solomons, 2007; Youdim, 2008) . A better understanding of the neurocognitive consequences of high iron levels in adolescents can help identify novel targets for improving their cognitive development.
The aim of this study was two-fold to investigate the prevalence rates of both iron deficiency and high iron level and examine their relationships with multiple domains of neurocognitive function among an early adolescent sample from a healthy school population in Jintan, China. We hypothesized that (a) early adolescents would exhibit both low iron and high iron status and (b) the neurocognitive performance of adolescents with either low or high iron levels would be significantly lower than that of their peers with normal iron, irrespective of the presence of anemia. The findings from this study will significantly extend the current knowledge on micronutrient status and neurocognitive function and inform future interventions for impaired brain development and cognitive function in adolescents, especially in a Chinese context.
Materials and Method Participants and Procedures
The present study is part of the China Jintan Child Cohort Study, which aims to study the impact of early health factors on children/adolescents' long-term cognitive and behavioral outcomes (Liu et al., 2010 . This longitudinal study used a multiple-stage sampling method and enrolled 1,656 Chinese children (55.5% boys, 44.5% girls), aged 3-5 years, in Jintan City in 2004 (Jintan City became the Jintan District of Changzhou City, Jiangsu Province on June 1, 2015). We first set up a stratified sampling process to select four preschools across different types of location: rural, suburban, and urban. We included all students in each school using a cluster sampling strategy. During the first wave of data collection in 2005-2007, the parents and teachers of 1,385 children responded to the study for a response rate of 83.6% (Liu et al., 2010) . We classified children into the lower, middle, or upper cohort according to their year in preschool (first, second, or third). When children were in their last month of sixth grade in 2011-2013 (around 12 years old), we invited them to participate in the second wave study (Wave II). For the present study, we used a subsample of children (n ¼ 428) who were enrolled in Wave II and had complete data on serum iron concentrations, neurocognitive test scores, and all covariates. Detailed sampling and research procedures of the larger cohort study have been described elsewhere (Liu et al., 2010 . Written informed consent was obtained from parents and adolescents. Institutional review board approval was obtained from the University of Pennsylvania and the Ethical Committee for Research at Jintan Hospital in China.
Measures
Serum iron concentration. Pediatric nurses collected blood specimens using a strict research protocol from summer 2011 to summer 2013 when children were in the last month of sixth grade. They collected approximately 0.5 ml of venous blood in a lead-free ethylenediaminetetraacetic acid tube. Samples were frozen at À40 C and shipped to Xin Hua Hospital, affiliated with Shanghai Jiao Tong University School of Medicine (Shanghai, China), for analysis. Serum concentrations of iron were determined by inductively coupled plasma mass spectrometry. The detailed analytical procedure was reported elsewhere Zhao et al., 2009) . We used the reference range recommended in Chinese hospitals to define iron levels. Specifically, we classified concentrations lower than 75 μg/dl as low iron level (iron deficiency), 75-175 μg/dl as middle level (normal iron), and those greater than 175 μg/dl as high iron level (Liu et al., 2014) .
Neurocognitive function. We selected the following tests to measure four different domains and the global trait of neurocognitive performance.
Neurocognitive domains. We asked participants to complete the Penn Computerized Neurocognitive Battery (CNB) at the same visit in which we collected blood. The Penn CNB was previously validated with functional neuroimaging as reflecting the recruitment of specific brain systems (Gur et al., 2010; Roalf et al., 2014) . The Penn CNB has also demonstrated good psychometric properties in children aged 8-21 years (Gur et al., 2010) . We administrated seven tests to assess performance accuracy and speed in four neurobehavioral domains: executive control, episodic memory, complex cognition, and sensorimotor speed. The instructions for each test were translated into Mandarin Chinese and then back-translated and revised by our research team. In a pilot study using a cohort of 122 early adolescents, we determined the comprehensibility of the Penn CNB by asking each participant whether each item was clear and unambiguous. The Cronbach's a coefficients for the full scale and each test of the Penn CNB in the pilot study were greater than .8, suggesting an adequate internal consistency.
To measure executive-control function, we used the short Penn Conditional Exclusion Test (sPCET) and the Penn Continuous Performance Test (PCPT). The sPCET asks participants to decide which of the four objects does not belong with the other three based on one of the three sorting principles (e.g., size, shape, line thickness). Test performance indicates an individual's mental flexibility and capacity for abstraction. The PCPT, which reflects attention level, asks participants to press the space bar whenever the display formed a digit (for the first half of the test) or a letter (for the second half of the test).
We administered the short Visual Object Learning Test to assess spatial memory, a domain of episodic memory. First we asked adolescents to memorize a series of Euclidean shapes displayed on a computer screen at a rate of 1 shape/s. Then we showed them pictures of several shapes (the target list) and asked them to rank whether they thought each shape on the target list had been included in the original series of presented shapes on a scale of 1-4 (1 ¼ definitely yes to 4 ¼ definitely not).
We used two tests to assess adolescent's complex cognition. The short Penn Line Orientation Test (sPLOT) presents two lines at an angle and asks respondents to click on a button to rotate one line until it shows the same angle as the other. This test measures spatial-processing ability. The Penn Matrix Reasoning Test (PMRT) presents matrices that require reasoning using geometric analogy and contrast principles. The PMRT captures nonverbal-reasoning capacity.
We measured sensorimotor performance using the Motor Praxis (MP) Task and the short Computerized Finger-Tapping Task (sCTAP). In the MP, which reflects sensorimotor processing speed, respondents attempt to move the mouse and click on a green square that disappears after the click. The square gets progressively smaller after each click and appears in unpredictable locations. In the sCTAP, respondents tap on the space bar as quickly as possible for 10 s with the index finger, alternating between the dominant and nondominant hand across five trials.
Trained research assistants administered the tests in a quiet isolated testing room in the Children's Health Laboratory located in the Jintan Hospital. Administrators monitored the noise level twice daily and performed testing only if the ambient noise did not exceed 70 decibels. The time at which each participant performed the tests varied from 8 a.m. to 5 p.m. The whole series of tests lasted for approximately 30 min, depending on individual performance. For each test, except the MP and the sCTAP, we recorded both the accuracy and speed (reaction time in milliseconds [ms]). A high accuracy score indicates more correct responses, while a slow speed means that the respondent required a long time to respond to the test prompts.
General intelligence. We used the Chinese version of the Wechsler Intelligence Scale for Children-Revised (WISC-R) to measure participants' general intelligence. The WISC-R was standardized in China in 1985 and has shown good reliability in Chinese children (Zhu & Gao, 1987) . The WISC-R consists of six verbal subtests (information, comprehension, arithmetic, vocabulary, similarities, and digit span) that represent the verbal IQ and six nonverbal subtests (picture arrangement, picture completion, object assembly, block design, coding, and mazes) that are summed to give the performance IQ. The verbal IQ and performance IQ combined comprise the full-scale IQ score, which is defined as the average of all cognitive abilities and is widely recognized as a good measure of general intelligence. We described detailed research procedures for administering the WISC-R previously (Liu & Lynn, 2013 , 2015 .
Covariates
We measured blood hemoglobin (Hb) concentration as a proxy indicator for the presence of anemia. In accordance with the WHO's age-based Hb criteria (2001), we defined anemia as Hb < 120 g/L for early adolescents. We also asked participants' parents to complete the Child Behavior Checklist (CBCL) for ages 6-18 years to report their children's internalizing and externalizing behavioral problems including anxiety/depression, emotional reaction, withdrawal, somatic complaints, sleep problems, attention problems, and aggression. Higher total scores on the CBCL indicate more behavioral and emotional problems. Because prior research has linked serum zinc (Penland, Lukaski, & Gray, 2005) and copper (Zhou et al., 2015) as well as blood lead status to neurocognitive performance in children, we controlled for these measures in the present study. Additionally, as neurocognitive function may be dependent on time of day (Blatter & Cajochen, 2007) , we also considered the time at which neurocognitive tests were performed as a covariate. Other covariates included age, sex, and the years of formal education that the participant's mother and father had received since elementary school. We reported the detailed data collection procedures for covariates in Liu et al. (2015) .
Statistical Analysis
We used descriptive statistics to characterize sociodemographic factors and iron levels. At the bivariate level, we examined the differences in sociodemographic and neurocognitive variables between iron groups using w 2 tests or analysis of variance (ANOVA). If there was a significant difference between groups, we used the Bonferroni post hoc test for pairwise comparisons. Additionally, we used generalized linear regression to address the association between iron and neurocognitive outcomes, adjusting for age, sex, education years of mother and father, log-transformed concentrations of serum zinc and copper, blood lead, the CBCL total score, Hb level, and the timing of neurocognitive tests. In models for the Penn CNB outcomes, we also adjusted for the full-scale IQ score. Participants' original cohort (upper, middle, and lower) was clustered in each model. Significance level was set at a ¼ .05. We performed all analyses using STATA 13.0 for Windows.
Results
The final data set comprised 428 early adolescents, with 211 boys (49.3%) and 217 girls (50.7%). The ages of participants ranged from 11 to 14 years (12.0 + 0.4). According to the clinical reference range of serum iron, the majority of adolescents (n ¼ 327, 76.4%) had normal iron concentrations, while 13.8% (n ¼ 59) of participants had low serum iron and 9.8% (n ¼ 42) had high serum iron. Only 3.5% (n ¼ 15) of the adolescents exhibited low blood Hb. Table 1 presents sample characteristics by serum iron levels. Whereas sex (w 2 ¼ 6.4, p ¼ .04), age (F ¼ 3.2, p ¼ .02), serum zinc concentrations (F ¼ 6.6, p ¼ .001), and the CBCL total score (F ¼ 3.8, p ¼ .02) were significantly different across iron levels, other sample characteristics were similar across levels (p > .05). Post hoc tests revealed that the mean age of the iron-deficiency group was about 1 month younger than that of the normal-iron group (p ¼ .02); serum zinc concentrations in the high-iron group were significantly higher than those of the irondeficiency (p ¼ .001) and normal iron groups (p ¼ .02), and high iron was also associated with a lower total score on the CBCL than was low iron (p ¼ .02). Table 2 shows the distribution of neurocognitive scores (accuracy score and speed) by serum iron levels. Using ANOVA for binary analysis, we found that the accuracy score of the sPLOT was significantly different among iron groups (p ¼ .04). Specifically, early adolescents with high iron had a higher accuracy score on the sPLOT relative to their peers with normal serum iron (t ¼ 2.5; p ¼ .03). As shown in Table 3 , this relationship was no longer significant after adjusting for sex, age, years of education of mother and father, log-transformed zinc, copper, and lead concentrations, Hb status, total CBCL score, and time of neurocognitive tests.
In the adjusted models (Table 3) , iron deficiency and high iron level were significantly associated with decreased performance in two neurocognitive tests as compared with normal serum iron levels. Specifically, the reaction times in adolescents with iron deficiency were 107 ms longer in the sPCET (b ¼ 107.5, p ¼ .03), which assessed abstraction and mental flexibility in the executive-control domain, and 917 ms longer in the sPLOT (b ¼ 917.2, p ¼ .04), which measured spatialprocessing ability in complex cognition, than it was in adolescents with normal iron. Similarly, high serum iron was associated with a slower speed (b ¼ 702.8, p ¼ .046) in the sPLOT than normal serum iron levels. Additionally, adolescents with high iron levels had decreased abstraction ability and mental flexibility, as shown by a lower accuracy score on the sPCET (b ¼ À2.2, p ¼ .03). Serum iron status was not significantly associated with the full-scale IQ score (p > .05).
Discussion
The present study is one of the first to explore the prevalence rates of iron deficiency and high iron levels as well as their associations with neurocognitive function in an adolescent sample. We found that both iron deficiency and high iron level were present in healthy early adolescents, aged 11-14 years, in China. Compared with those who had a normal serum iron concentration, early adolescents with either low or high iron demonstrated decreased performance in two neurocognitive domains. Whereas early adolescents with iron deficiency were more likely to have a slower speed in tasks that measured complex cognition and executive control, those with high iron had a slower speed in the complex-cognition test and less accuracy in the executive-control test. Serum iron status was not predictive of general intelligence, as measured by IQ. Using the clinical reference range of 75-175 μg/dl (Liu et al., 2014) , we found that both iron deficiency and high iron levels existed in our sample. This finding is consistent with a recent study in which researchers reported a double burden of under-and overnutrition of iron among Chinese children aged 2-12 years (Piernas et al., 2015) . Chinese diets are primarily based on rice and often include an insufficient proportion of animal-based foods (Ma et al., 2008) , which are a valuable source of iron (Williamson, Foster, Stanner, & Buttriss, 2005) . The Chinese soil-plant system, which is lacking in mineral content, also limits the bioavailability of iron (Yang et al., 2007) . In contrast, the explanation for high iron levels in Chinese adolescents remains unknown. It could be that the fortification of iron-rich food and commercial iron-containing products present a challenge for the maintenance of iron homeostasis, thus leading to high iron levels (Schröder et al., 2013; Slotki & Cabantchik, 2015) . For example, Mettler and Zimmermann (2010) found that approximately 15% of male marathon runners showed iron overload, which was probably due to unnecessary consumption of iron supplements.
Our findings suggest that adolescents with iron deficiency have decreased spatial-processing ability, which reflects complex cognition, and decreased abstraction/ flexibility, which reflects executive-control function. This finding is consistent with those of longitudinal studies that have shown reduced visual-spatial performance (Lozoff, Jimenez, Hagen, Mollen, & Wolf, 2000) , executive function (Lukowski et al., 2013) , and inhibitory control (Algarín et al., 2013) in children and adolescents who had IDA in infancy. The underlying mechanism could be that insufficient levels of iron lead to catalytically nonfunctional Hb cells, which in turn cause hypoxia in the brain (Ai, Zhao, Zhou, Ma, & Liu, 2012) . However, as findings from our study relied on serum iron levels independent of anemia status, the potential pathway linking low iron and decreased neurocognitive performance may be beyond anemic hypoxia. Prior neurobiological research suggests that iron deficiency influences iron distribution in the brain, thus altering the prefrontal-subcortical dopaminergic network and the frontostriatal networks that mediate cognitive function (Carpenter et al., 2016; Muñoz & Humeres, 2012) . For example, researchers in one neuroimaging study found that iron concentrations in the basal ganglia were positively associated with spatial IQ in children aged 7-11 years (Carpenter et al., 2016) . As iron is prioritized to Hb synthesis when iron stores are low, iron in the brain may reach critically low levels that affect normal brain function before signs of IDA appear (Rao & Georgieff, 2002) . Consistent with these previous studies, the present study reveals the potential impact of subclinical iron deficiency on neurocognitive function in early adolescents.
We also found a significant association between high iron levels and decreased neurocognitive function in early adolescents in the present study, particularly in executive control and complex cognition. These findings agree with those of prior studies that found potential negative effects of high iron levels on cognition. Schrö der, Figueiredo, and de Lima (2013) demonstrated in an animal model that iron overload, resulting in iron accumulation in the brain, produced significant cognitive deficits in rodents. In contrast, McLachlan et al. (1991) reported in a clinical trial that sustained low doses of intramuscular desferrioxamine, a treatment for iron overload, significantly slowed the progression of the dementia of Alzheimer's disease. Cognitive impairment related to high iron levels is possibly due to iron's cytotoxicity to brain function (Brewer, 2009; Chang & Rangan, 2011) . Furthermore, the interaction of iron and cholesterol can promote oxidative damage and, in turn, cause neurodegeneration over the long term (Ong & Halliwell, 2004) . However, research on iron excess has mainly focused on acute poisoning (Chang & Rangan, 2011) and genetic overload diseases, such as Wilson's disease and hemochromatosis (Brewer, 2009 ). Few studies have specifically examined the subclinical effect of mild-intermediate levels of serum iron overload or excessive iron intake on cognition in adolescents. Future research is warranted to examine the nature of the relationship between high iron levels and neurocognitive impairment in this vulnerable population.
In the present study, the relationship between iron levels and neurocognition showed a domain-specific pattern. Specifically, our findings suggest that suboptimal iron status, including both low and high iron, may have profound influences on complex cognition (particularly spatial-processing ability) and executive control (particularly abstraction/mental flexibility). In contrast, episodic memory and sensorimotor ability were not affected by either iron deficiency or high iron levels in our sample, a finding that aligns with those of a prior systematic review that revealed no benefit of iron supplementation on memory, psychomotor skills, or scholastic achievement in either older children or premenopausal women (Falkingham et al., 2010) . The mechanism underlying the disparity across neurocognitive domains remains unclear. However, it is possible that the regional development requirements for iron may differ across specific brain systems (Beard, 2003) . As neurocognitive domains are linked to different brain systems (Gur et al., 2010) , they may vary in their sensitivity to iron deficiency or iron overload. It would be worthwhile to further examine the cognitive effects of iron deficiency/overload across various neurocognitive domains.
In terms of the generic trait of intelligence, as measured by the WISC-R, our finding is inconsistent with those of Falkingham et al.'s (2010) review, which suggest that iron supplementation does have effects on the aspects of intelligence. The heterogeneity of measures and scales used to assess neurocognitive function may be one of the reasons for the inconsistent findings on iron and general intelligence.
Strengths and Limitations
The strength of the present study lies in its ability to extend current knowledge about the domain-specific relationships of both iron deficiency and high iron levels with neurocognitive function in early adolescents. In addition, we used biomarkers of iron status and computerized neuropsychological tests to reduce measurement errors. However, readers should take several potential limitations into account when interpreting our results. First, adolescence is often accompanied by developmental changes in neural substrates, which suggests that puberty influences brain development and cognitive improvement (Goddings et al., 2014; Jung & Haier, 2007) . Although we controlled for age as a proxy for pubertal stage in data analyses, validated measurements that are sensitive to small differences in pubertal maturation, such as the Tanner Puberty Scale (Roberts, 2016) , should be included in future research. Second, as anemia may be attributable to other nutritional deficiencies, such as those of folic acid and vitamins A, B 12 , and C (WHO, 2001), IDA cannot be determined from the measures of serum iron and blood Hb in the present study. Additionally, these two iron indicators may not sufficiently reflect iron status. A combination of multiple well-established laboratory indices, including Hb, serum transferrin receptors, and ferritin, should be included in future studies to provide more precise assessment of functional impairment and tissue avidity for iron and iron storage and to reduce the risk of classification error (WHO, 2001) . Third, we did not collect information about whether blood and neurocognitive tests were conducted in the absence of medication or chronic or acute diseases, all of which can affect the sensitivity of measures of both biochemical levels of serum iron and neurocognitive performance. Fourth, the study design was cross sectional; as a result, the domain-specific relationship of iron deficiency or high iron levels with neurocognitive function cannot be interpreted as causative. Finally, findings in a Chinese context may not be generalizable to adolescents in other countries or cultures.
Implications for Nursing Practice and Future Research
Despite the study's limitations, our findings on the relationship between low/high serum iron levels and reduced neurocognitive function have important implications for public nursing practice and future research. Nurses should pay attention to the dual burdens of low and high iron levels on adolescents' cognitive function. The estimated average requirements and recommended dietary allowances recommend dietary intake of 5.9 and 8.0 mg iron/day, respectively, for boys 9-13 years of age and 5.7 and 8.8 mg iron/day, respectively, for girls of the same age (Schümann et al., 2007) . Primary care nurses should develop strategies to increase adherence to recommendations of the dietary reference intakes to prevent iron deficiency. Nurses should also teach adolescents and their parents about foods that promote (such as orange juice) and decrease (such as milk) the absorption of iron. Additionally, as commercial iron-containing products and multivitamin preparations contain varying amounts of iron (Chang & Rangan, 2011) , nurses should be aware of the dosages of elemental iron from the combination of different sources for each individual and monitor serum iron levels to detect high iron status in adolescents. A serum iron level of 300 μg/dl represents the upper range of the body's total iron-binding capacity and is regarded as the cutoff for clinical concern (Tenenbein, 1996) . Our findings indicate that high iron levels, even with a cutoff of 175 μg/dl, were associated with negative health outcomes. This finding suggests a need to reconsider the safe upper level of iron. Accordingly, consideration for future research should include exploration of the dose-response relationship of iron supplementation and neurocognitive function. Finally, due to the wide usage of supplements containing multiple micronutrients, future research is warranted to examine the effects of iron-copper and iron-zinc interactions on neurocognitive function, which may pose a health risk (Troost et al., 2003) .
Conclusions
Iron is an essential micronutrient, but it can be toxic if the biological level exceeds the metabolic requirement (Schröder et al., 2013; Schümann et al., 2007) . Our findings, from a healthy early adolescent population, support the importance of iron homeostasis in optimizing cognition in adolescents. Our study thus highlights the importance of detection and management of suboptimal iron status as a target for brain development and cognitive improvement in adolescents.
